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Abstract
By analyzing the symmetry and the intrinsic nodal surface of the six-quark systems with strangeness s −5, it is shown that,
besides the S-wave states [ΩΩ](0,0), [ΩΞ ](1/2,1), [ΩΞ∗](1/2,0), the P-wave states {IJπ } = {0 2−}, { 12 3−}, { 12 2−} may be
the candidates of dibaryons. These states and the hidden color channel states with the same quantum numbers could be observed
in experiments.
 2002 Elsevier Science B.V.
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After the H particle was predicted in the later
1970’s [1], investigation on dibaryons has been a sig-
nificant topic in hadron physics, because it is an ap-
propriate place to investigate the quark behavior in
short distance and to explore exotic states of quantum
chromodynamics (QCD). On the theoretical side, al-
most all QCD inspired models, even the QCD sum
rule [2] and lattice QCD [3] predict that there exist
dibaryon states. In cluster model, dibaryons are be-
lieved to be six-quark clusters. Harvey developed a
method in cluster model [4], with which all the color
singlet antisymmetric six-quark states with definite or-
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bital and isospin–spin symmetries were classified, and
many “hidden color” states which cannot be repre-
sented in terms of free baryons were found. Unfor-
tunately, the constituents Harvey considered include
only u and d quarks. In other word, the strangeness
of the system has not yet been taken into account.
However, some experimental evidences (see, for ex-
ample, Ref. [5]) and calculations in the quark de-
localization and color screening model [6] and in the
SU(3) chiral quark model [7,8] have provided clues
that the higher the strangeness of the six quark sys-
tem holds, the more stable the dibaryon is, in partic-
ular, they proposed that the (ΩΩ)(0,0) (with strange-
ness s =−6) and (ΩΞ)(1/2,1) and (ΩΞ∗)(1/2,0) (with
s =−5) states may be the candidates of dibaryons be-
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ing able to observed in experiments. To discuss the
problem in quark cluster model, it is necessary to ex-
pend the systematic work of Harvey to including s
quarks. Along the way of the non-relativistic QCD,
the concept of wave function can be implemented to
describe many-quark states, and embodied in the non-
relativistic quark model [4,9]. On the other hand, it
has been shown that analyzing the symmetric proper-
ties and the inherent nodal surface is a quite efficient
way to investigate few body systems [10–12]. To reex-
amine the stability of the [ΩΩ](0,0), [ΩΞ ](1/2,1) and
[ΩΞ∗](1/2,0) states and neglect handling the compli-
cated strong interactions of the six-quark system in
QCD, we will then study the dibaryon states by ex-
tending Harvey’s algebraic framework and analyzing
the inherent nodal surface of the six-quark systems
with strangeness s  5 in this Letter.
The wave function of a six-quark system contains
an orbital part and an internal part. Let [f ]O , [f ]C ,
[f ]FS be the irreducible representations of the per-
mutation group associated with the orbital, color, and
flavor-spin spaces, respectively, as a fermion system,
we must have the symmetry of dibaryons as
(1)[16] ∈ [f ]O ⊗ [f ]C ⊗ [f ]FS.
To fulfill this requirement, many choices of symme-
tries in each space are possible. Let us investigate
which choices are more favorable to binding, and
therefore more probable to exist as low-lying states.
Since there is no direct experimental observation of
free color charge, we can restrict our study to the six-
quark systems which have color symmetry
(2)[f ]C = [2 2 2].
Provided that the eight free baryons, namely, N , ∆,
Σ , Σ∗, Λ, Ξ , Ξ∗, and Ω are the building blocks of
the dibaryons, and each of them has the flavor-spin
symmetry [3], it is straightforward to assume that the
low-lying dibaryons have symmetry
(3)[f ]FS ∈ [3] ⊗ [3] = [6] + [5 1] + [4 2] + [3 3].
Furthermore, each baryon as a constituent of the low-
lying dibaryons is assumed to be in its ground state. It
turns out that all these ground states have the orbital
symmetry [3]. We have thus
(4)[f ]O ∈ [3] ⊗ [3] = [6] + [5 1] + [4 2] + [3 3].
Besides, it is evident that if a state does not contain a
collective excitation of rotation (i.e., the orbital angu-
lar momentum L is zero), it would be usually lower
in energy than the states with L = 0. This is particu-
larly true for the systems with a very small size, be-
cause the rotational energy is roughly proportional to
L(L+ 1)/r2, where r is the radius of the system. For
this reason it is reasonable to assume that the lowest
bound dibaryons have orbital angular momentum
(5)L= 0.
It is also apparent that if a state contains excited
spatial oscillations (i.e., the orbital wave function con-
tains nodal surfaces if observed in a body frame), it
would be higher in energy than the states not contain-
ing excited oscillations. It has been found that there are
two kinds of nodal surfaces. The first kind of them de-
pends on dynamics, while the second depends purely
on symmetry. The second kind of nodal surfaces is
inherently contained in certain wave functions. They
are then usually called inherent nodal surfaces (INS)
[10–12]. Once an INS is imposed on an orbital wave
function by symmetry, a specific mode of oscillation is
imposed. Therefore, whether the INS would appear is
crucial to the low-lying spectra of a quantum system.
For a six-quark system, the orbital wave function
may contain many components. Each of them is spec-
ified by a set of quantum numbers of inherent symme-
try. Let these components be denoted as Fλ,iLMg(1 · · ·6),
where λ stands for a representation of the permutation
group S6, i refers to a basis function of this represen-
tation,M denotes the Z-component of L, g is for other
quantum numbers. In what follows we shall figure out
which components are advantageous to binding, and
thereby dominate the low-lying states.
Let us define a body-frame, then we have the
expansion
F
λ,i
LMg(1 · · ·6)=
∑
a
DLQM(−γ,−β,−α)
(6)× Fλ,iLQg(1′ · · ·6′),
where DLQM is an element of the matrix of rotation,
α,β, γ are the Euler angles specifying the orientation
of the body-frame, Q denotes the projection of L
along the third body axis, (1 · · ·6) and (1′ · · ·6′) stand
for that the coordinates are relative to the laboratory
frame and to the body-fixed frame, respectively.
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Fig. 1. The regular octahedron.
The symmetric operation on the system include
usually rotation, space inversion, permutation of the
particles, and so on. According to the theory of space
group, we can classify the rotation axes into two kinds.
If a geometric configuration contains a m-fold axis of
the first kind, then the shape would be invariant with
respect to a rotation about the axis by the angle 2π
m
.
If a m-fold axis of the second kind is contained, the
shape would be invariant with respect to the rotation
together with a space inversion. In general, a config-
uration containing at least one m-fold axis (m  2)
is called a symmetric configuration. The spatial sym-
metry of a geometric configuration is specified by the
m-fold axes contained in the configuration. For a six-
quark system, there are many symmetric configuration
located everywhere in the coordinate space. However,
for a quantum mechanic system, not all the symmetric
configurations are allowed. Some of them might then
be prohibited by symmetry as we shall see.
As an example, letOO ′ be a 3-fold axis of a 6-body
configuration as shown in Fig. 1, then, a rotation about
OO ′ by 120◦ is equivalent to the cyclic permutation
of particles (235) (164) (see the figure). We have then
(7)R̂F λ,iLQg(1′ · · ·6′)= P̂ F λ,iLQg(1′ · · ·6′),
where R̂ and P̂ are the operators of the rotation and
the permutation, respectively. The crucial point is that
F
λ,i
LQg is a basis function of representations of both
the spatial rotation group and the permutation group.
Hence, once the matrixes of representation of the
two operators are known, Eq. (7) can be written in
a matrix form, and appears as a set of homogeneous
linear equations. It is well known that homogeneous
equations might not have non-zero solutions, which
depends on whether the determinant of the set is
zero. The determinant depends on the λ and L.
Once the determinant is non-zero, all the Fλ,iLQg (all i
and Q) must be zero at this symmetric configuration
disregarding the size of the shape and the permutation
of the particles at the vertexes of the shape. In other
words, in this case an inherent nodal surface appears
in these components at the symmetric configuration,
and thus these components are prohibited to get access
to this shape. This is the origin of the INS, it arises
purely from the symmetry constraint and is completely
independent to dynamics.
Incidentally, if the m-fold axis belongs to the
second kind, the constraint becomes
(8)R̂F λ,iLQg(1′ · · ·6′)= IP̂ F λ,iLQg(1′ · · ·6′),
where I is the operator of space inversion.
Among all the symmetric configurations of a six-
body system, the one having the highest geometric
symmetry (i.e., having the most m-fold axes) is the
regular octahedron (OCTA) as shown in Fig. 1, where
three 4-fold axes, four 3-fold axes, and six 2-fold axes
are contained. Since each m-fold axis would cause a
constraint, evidently the OCTA is strongly constrained
by symmetry. Only a small portion of quantum wave
functions with specific λ and L can get access to it
(i.e., the wave function can be non-zero at it). The ac-
cessibility of the OCTA turns out to be an important
point. Once the OCTA is accessible to a wave function,
all the symmetric configurations with a lower geomet-
ric symmetry in the neighborhood of the OCTA are
also accessible to the wave function. Consequently, the
wave function is able to be distributed in a large do-
main including the OCTA inside free from the inter-
vention of the INS. Such a case is highly favorable to
binding. Whereas if a wave function contains an INS,
its energy will explicitly increase.
Besides the 2, 3, and 4-fold axes contained in the
OCTA, INS may also emerge at other regular shapes
containing 5-fold or 6-fold axes (e.g., the pentagon
pyramid or hexagon). The INS of a six-body system
have been studied in detail in Ref. [12]. It was found
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that, for L = 0, the Fλ,iLMg components would not
contain any INS in the entire coordinate if and only
if λ = [6], [4 2], or [2 2 2] and parity even. They are
called inherently nodeless components and should be
the main building blocks of the low-lyingL= 0 states.
Although the importance of the nodeless compo-
nents has never been studied in quark systems, they
have been found to be essential in atomic and nuclear
systems. For example, the carbon atom has four va-
lence electrons. At a first glance, one might suggest
that the ground state would have L = 0. However,
the ground state is actually a 3Pe state (L = 1, total
spin = 1, and parity even). It was found in Ref. [11]
that all the L= 0 and 1 states of such a system contain
INS except the one with L= 1, λ= [2 1 1] (it is asso-
ciated with the symmetry [31] in spin space, i.e., with
total spin S = 1, for the four electron system), and par-
ity even. This explains the origin of the quantum num-
bers of the carbon ground state. For the 6Li nucleus
(a six-nucleon system) as another example, we had
tried to construct the low-lying spectrum using only
the nodeless components as building blocks [12]. In
this way a group of six low-lying states have been pre-
dicted. Experimentally, also a group of six low-lying
bound states or resonances have been observed [13]
(the other levels are much higher). The states of these
two groups are one-to-one correspondence with only
one exception. In brief, the experience from quantum
mechanic systems indicates that the states containing
less nodal surfaces are, in general, lower in energy
than those containing more nodal surfaces. Therefore,
it is reasonable to assume that the orbital wave func-
tions of low-lying dibaryons are mainly composed of
the nodeless components. Considering the restriction
in Eq. (4), we have the permutation symmetry of the
orbital wave function of the six-quark system
(9)[f ]O ∈ {[6], [4 2]}
and
(10)πdib =+
in the lowest L= 0 dibaryon states.
In the above discussion, a number of requirements,
namely, the Eqs. (1) to (5), and (9), (10), have been
suggested for seeking the components favorable to
binding. Taking all these requirement into account,
we obtain that the favorable components should have
Table 1
The strangeness, total spin, isospin, total angular momentum, parity,
and the total orbital angular momentum L of the candidates of low-
lying dibaryons with L= 0 and s −5
s S I J πdib L
−5 0 1/2 0 + 0 ΩΞ∗
−5 1 1/2 1 + 0 ΩΞ or ΩΞ∗
−6 0 0 0 + 0 ΩΩ
symmetries
[f ]O ⊗ [f ]C ⊗ [f ]FS
(11)
∈ {[6] ⊗ [2 2 2]⊗ [3 3], [4 2]⊗ [2 2 2]⊗ [5 1],
[4 2] ⊗ [2 2 2]⊗ [3 3]}.
The components with these three symmetries and
Lπ = 0+ should be the main building blocks of the
low-lying S-wave dibaryon states.
Additionally, there is also an experience from quan-
tum mechanic systems, namely, a coherent mixing
of components of wave function would reduce the
energy. Therefore, if more favorable components (as
listed in Eq. (11)) are allowed in a state, the energy
of the state would be lower because the orbital wave
function would be more flexible (having more choices)
and therefore can be better optimized.
For the case of strangeness s  −5 and L = 0,
the dibaryons allowed to contain at least two of these
favorable components are listed in Table 1. They are
the candidates of low-lying L= 0 dibaryons.
If we do not limit the dibaryons to be two-baryon
compound states, the orbital symmetry of the sys-
tem can be [2 2 2]. The associated flavor-spin sym-
metry [f ]FS can be [3 3], which corresponds to the
{isospin, spin} components {IS} = {0 0} with strange-
ness s =−6 and {IS} = { 12 1} with strangeness s =−5.
From the above discussion, we know that, the three
candidates listed in Table 1 and the hidden color
states {IJ } = {0 0} and { 12 1} are lower in energy.
However, we do not know whether they are lower
than the threshold of open channels. Hence, we do
not know whether they are bound. Let us go further to
study the low-lying resonances that might be observed
during baryon–baryon collision. A main feature of
a resonance is its width. If the energy is higher
than the threshold of open channels, the width is too
broad, then the resonance cannot be detected, and the
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Table 2
Quantum numbers of the candidates of low-lying dibaryons with L= 1 and s −5
s S I L π J [F ]O ⊗ [F ]FS
−6 1 0 1 − 0, 1, 2 [5 1] ⊗ [4 2], [3 3] ⊗ [4 2]
−5 0 12 1 − 1 [5 1] ⊗ [4 2], [3 3] ⊗ [4 2]
−5 1 12 1 − 0, 1, 2 [5 1] ⊗ [4 2], [3 3] ⊗ [4 2], [4 1 1] ⊗ [3 3], [3 2 1] ⊗ [5 1]
−5 2 12 1 − 1, 2, 3 [5 1] ⊗ [4 2], [3 3] ⊗ [6], [3 3] ⊗ [4 2], [3 2 1] ⊗ [5 1]
existence of such a resonance is thus meaningless.
When the broadness of width is taken into account,
the relative P-wave collision is even more important
than the S-wave collision for creating narrow low-
lying resonances. In the P-wave collision, a centrifugal
barrier appears and would help to keep the orbital
wave function in the interior region, thus would help to
have a narrower width. For instance, when a nucleon
hits the 4He nucleus, both the lowest two well known
resonances, namely the Jπ = 32
−
and 12 resonances,
are induced by P-wave [13]. Therefore, in addition to
the L= 0 case that has been discussed above, we have
to study the case of L= 1 as follows.
By calculating the determinants of the sets of
homogeneous linear equations (as in Eqs. (7) and (8))
the inherently nodeless components of a six-quark
system with L= 1 and πdib =− can also be identified.
Thus, instead of Eq. (9), we have the accessible orbital
symmetry
(12)[f ]O ∈ {[5 1], [4 1 1], [3 3], [3 2 1], [2 2 1 1]},
Accordingly, the favorable components with L= 1,
parity odd, and fulfilling all the Eqs. (1) to (4) and (12)
are the three having symmetries
[f ]O ⊗ [f ]C ⊗ [f ]FS
(13a)
∈ {[5 1] ⊗ [2 2 2]⊗ [4 2],
[3 3] ⊗ [2 2 2]⊗ [6], [3 3]⊗ [2 2 2]⊗ [4 2]}.
If we go beyond the constraint in Eq. (4), we have the
other possible building blocks of the P-wave resonance
[f ]O ⊗ [f ]C ⊗ [f ]FS
(13b)
∈ {[4 1 1]⊗ [2 2 2]⊗ [4 2], [4 1 1]⊗ [2 2 2]⊗ [3 3],
[3 2 1]⊗ [2 2 2]⊗ [5 1],
[2 2 1 1]⊗ [2 2 2]⊗ [4 2]}.
Summarizing the above discussion, we get that, for the
case of strangeness s −5 and L = 1, the dibaryons
allowed to contain at least two of these favorable
components can be listed in Table 2. They are the
candidates of low-lying L= 1 dibaryons.
According to Table 2, we know that the con-
figuration {strangeness, spin, isospin} = {s, S, I } =
{−6,1,0}, {−5,2, 12 } and {−5,1, 12 } might be the low-
estL= 1 states. Since P-wave states have non-zero an-
gular momentum, the total angular momenta J , which
is formed by the coupling of S and L, always have
three choice (they are also listed in the Table 2). Con-
sidering the characteristic of the spin-orbital interac-
tion among quarks [14], one can know that, when S
and L fixed, the states with higher J have lower en-
ergy. We can draw then a conclusion that there are two
lowest P-wave states: strangeness s = −6, {IJ π } =
{0 2−} and strangeness s = −5, {IJ π } = { 12 3−}. The
state with strangeness s = −5 and {IJ π } = {0 2−}
might be the second lowest P-wave state. Since the ac-
cessibility of the state with s =−5, {IJ π } = { 12 2−} is
much larger than that of others, it is more probable to
be observed.
In summary, we have studied the exotic QCD
states, namely the dibaryons with strangeness s −5.
Taking the dibaryons as six-quark clusters composed
of u, d and s quarks, the symmetries of the states
are discussed. The quantum numbers of the favor-
able components of wave function have been sug-
gested based on the existing experience (the effect
of dynamics is embodied in this experience) and
based on an analysis of the inherent nodal surface.
These favorable components are considered as the
main building blocks of low-lying states. Thereby the
low-lying L = 0 and 1 states have been predicted.
More concretely, the S-wave two-free-baryon states
[ΩΩ](0,0), [Ξ∗Ω](1/2,0), [ΞΩ](1/2,1) and the P-wave
states {IJ π } = {0 2−}, { 12 3−}, { 12 2−} are proposed to
be the candidates of stable dibaryons with strangeness
s −5. In particular, the above L= 1 states might be
observed during baryon–baryon collisions.
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It is remarkable that, combining our present analy-
sis and the existing knowledge, we know that the
S-wave dibaryon states [ΩΩ](0,0), [Ξ∗Ω](1/2,0),
[ΞΩ](1/2,1) and the P-wave states with quantum num-
bers {IJ π } = {0 2−}, { 12 3−}, { 12 2−} may be observed
in the RHIC experiments since they are the low-lying
states with quite large energy. Since both the S-wave
and P-wave states may contain hidden-color channels
(e.g., the {IJ π } = {0 0+}, { 12 1+} S-wave states and the
{IJ π } = { 12 3−}, { 12 2−} P-wave states), we propose
that observing the states with hidden-color channels
(especially the one with {IJ π } = { 12 2−}) may be an
appropriate branch to explore dibaryon states. Mean-
while, further dynamical calculations to investigate the
stability of these states in the framework of effective
field theory model of QCD (for example, the global
color symmetry model [15]) and the symmetry analy-
sis on the six-quark system with strangeness s  −4
are under progress.
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